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In    the    prodnction   of    sil'ige,    tr.e   fo  1j. owi  n<-;  phenoriena 
take   place-       There    is   a    rapid   rise    of    tenperatvur-e    suid    the    oxy- 
gen   contained    in    the    air    that    is   mixed   v/it.h    tlie   SJ"fce^   forage 
is    replaced   with   carbon   dioxiue.      Later,    carbon   dioxide    and 
nitro£:en    are    ^■■iven   off.       After    an   intei-val,    tiie    tenperature 
moderates    'ind    then    fluctuates    v/i  th    the    surrounding    conditions. 
The    silage    shirinks    in   biilk    about    one-half.       During    this    inter- 
val,   the    silage    has    assur/ed   a    brovi^n    color,    a    characteristic    o- 
dor,    arid    an    acid    taste. 

It   was    fomerly    thougiit    that    these   phenomena   we.'-e    the    re- 
sult   of   a   mild   f  er.^-ien  tat  ion  v;hich    if    carried    too    far   IjeCi^me 
putrefactive.      Later,    when   the    nature    of    the    bacteria   causing 
t-:e    different    forms    ol'   fermentation  "/ere   better  understood,  the 
phenomena  v.'ere    thoug!':t    to    '^e    thie    resiilt    of   the    action   of    three 
kinds    of   ferments,--  namely:    :-easts,    v/hicli    cause    tie    change    of 
stigar    into    alcohol    and    other    f  er'mentations ;    bacteria,    which 
cause    the    formation   of    acid    and    the    neating    of   the    silage    and 
which    seemed    to    aid    in    the    destructive    enanges ,    notably,    those 
producing   bad   odors;    and    lastly,    niolds ,    v/hich    also    cause   pu- 
trefaction.      The    rise    in    temperature,    wriile  not    fiilly   ex- 
plained,   "/as   thought    not    to   be   due    to    fermentation   caiised   by 
yeasts,    but    that   two   or  more    species    of  bacteria  v/ere    concerned, 
in    it.       These   were    thoughit    to    be    similar   to    those   v/hich    cause 


the    fonnation   of   biatyric    acid    in   i-ancid  butter.       '^he   presence 
of   ferrrents   ^vliich   form    acetic    acid,    in   vinegar    a-nd,   lactic    acid 
in  milk   were    also    recognized    as    jictive    in    the   silo    and   as 
producing   much    acid   unless    tiie :  r   growth   was    checked   by    the 
lack    of   oxygen.       "Sweet    silage,"    i.e.    comparatively   sweet    si- 
lage,   was   prodticed   by   rapidly   filling:   -the    silo    and    thus    pre- 
venting   the    action   of   these    feririents. 

The    Agri  Gult",iral   iixperiiuent    Station   of  Wisonnsin  has    car- 
ried   investigations    a    step    farther,    u.psetting   these    theories. 
Tlieir    results    are    announced    in    their    Annual    Report    for   1903. 
T'lese    results    indicate    that    tne   plienoraena    connected  wi  tli    the 
fonnation   of   silage    are   not      due    to    tr.e    action   of   i")acteria. 
The    bacteria   require    some    time    to    de^'elop    the   maxii'iui-i   tempera- 
tu'i''e   while    th.e    rise    of    tenperature    in   the    silage    is    very   rapit^ 
reaching    its   ir.axirni.im   in   a    sliort    time.       A^^ain,    t'le    rise    in   tem- 
perature   and    formation   of   normal    silage    occur  v;"hen   the    bacter- 
ia  have   been    killed,    as    by   ether.       The    cause    of    these   phenoiie- 
na    is    assigned   by   the   Wisconsin   people    to    the    action   of    the 
cells    of    th.e    plant    tissue   which    are    still    alive    and    carrying 
on    their   life   processes.       Thus,    heat    is    developed  which   reach- 
es   its   maximum   at   the    start,    while    the    cells    are   most    vigorous. 
The    oxygen    is    replaced   by  carbon   dioxide.       After   the    free    oxy- 
gen   is    exhausted,    tlie    oxygen-containing    compounds    are    attacked 
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The    siiTars    a^-e   thus    broken   dovm.       This    [zivea    the    carbon   di- 
oxide   wniel-i    comes    oi'i    from   the    silage.       Tlie    free   nitrogen   is 
derived   from  nitro^'^en  mixed  v;i  th   the    air   which   is   mixed   •.vith 
the   p,reen   forage.       Only    at    the    death   of   the    pl^jrit    cells   docs 
this    action   cease. 

Proof    of -the    correctness    of   ths    theory,    that    silage    for- 
mation  is    t;'ie    resiilt   of    tne    activity    of  plant,  ceils,  is    seen 
when    the    tissues    are   killed   and    the    bacteria    are    not,    which 
occurs   when    tiie    tissues    are    frozen.       The    rise    in   temperature 
is    slower,    the   maxim.'.m   coming   mud-i    later,    and    the    product   has 
a   bad   odor,    biting   putrefied.       The    conclusions    of   the    'Viscon- 
sin   Station    are    that   bacteria   h'-f'e   no   part    in   the   formation   of 
good   silage    and    that    tlieir   action   is    entirely   detrimental. 

Along    this    same    line    r.iay   be   mentionea   an    experiment    con- 
ducted  by    the    Oregon  Sxperiment    Station,    which    consisted   in 
treating    silage   with    live    steam   as    soon   as    the    silo   was    filled 
This    destroyed   the    life    of  both    the   plant    tissue   and    the    bac- 
teria.      There   was    no   rise    of    temperature    or   other    action   char- 
acteristic   of   silage    formation.       The    corn    on  ?r-ichthe    experi- 
ment   v/as   performed   kept    perfectly,    coming    out    in   the    same    con- 
dition  in   which    it    enterea    the    silo.       It    was    really    canned 
corn,    fodder   and   undoubtedly    a   better    and  more    nutritious   prod- 
uct   than   the    regular    silage.       It    coi^ld  not,    however,    be    called 


silace    as    it    did   not    h^ve    the    typical    color,    arona  or    taste 
of   silage^    and   aid   not    z<^    through   the    silage    foryidnc    procecs. 
An    aporoxiraation    to    the    sai.-.e    result    co^ild  be   obtained   by 
treating    t}:e    fresh    com    fodder   v/ith   carbon   dioxide    gas. 

The   Wisconsin   Station   fixes    the    luiavoidable   loss    occur- 
ring   in   sila:T-e,  formation   at    one    ]:>er    cent.       This    is    due    to    the 
action   of   the   plant    cells.       To   keep    tne    loss    :- 1    about    this 
point    and    fori'",    rpod   silage,    it    is   necessary    to   h  ^^ve    as    little 
air  mixed  :vi  tii    the    sila,rre    as    possible,    and    to    prevent    tne    ad- 
mission  of   fresh    air,    thus    checking   the   growth    of   tne   Ijacteria 
The    closer   the    silage    is   packed,    r.he    less    air  will    it    contain. 
A   high    silo    causes    greater   pressure    and    therefore    closer   prick- 
ing.      Tne   raaterial    should    Oe    Y'ell    trouaen   -^.s    it    is    put    in    the 
silo,    especially   around    the    edges,    'ind    siiould  be    cut    snail 
and    evenly   mixed,    so    that    one    part    is    not    :ieavier    and   more 
solid    than    anoth.er.       This   will    obtain  unifortn   packing.      Smootn 
perpendicul-r  walls,    free    from   corners,    facilitate   even   set- 
tling,   and   the  ^-ef  ore    close   packing,  to   prevent    the    admission  of 
fresh    air,    the    walls    and   bottom  mxas  t    l:^e    air   tight    and   an   air- 
tight   covering   mu.st    be    provided.       It    is    necessary    also    that 
the    walls   be   perfectly   rigid   for  the   pressiire    that    they   will 
be    called   on    to  withstand.      The    reason   for   this    is    tiiat    if   the 
wall    bulges    out    any,    it   will   leave    a    crack   between   itself    and 


the    silage    iilong  wliieh    the    air   will    enter. 

The    art    of   building   silos    tnat    are    both    cheap    and   effi- 
cient  has   ):een    greatly   developed   by    the    various    experiment 
stations   v/nieh    have   publishxea   dire'^tions    for   building    the    dif- 
ferent   types    in    their   bulletins.       These    directions   niay    be 
brieflj''   sn:Taarized     is    follows: 

The    location   of    trie    silo    should   be    on   grou.nd    that    is   well 
drained.       If    it    is   not    v/ell    drained   naturallv,    artificial 
drainage    is   necessary.      '"hen  v/ater    is    allowed   to    sv)ften   the 
earth  under   the    fo-indations    tney   will    settle,    tilting    the    si- 
lo   :jnd    causing    trie   walls    to    craek.       If   water    is    allowed   to 
seep    into    the    silo,    it   will    spoil    t'le    silage   with   which    it 
c ome s    in    contact. 

The    silo  may  b.e   placed   eitner   inside   or   outside    the    barn^ 
the   general    practice   being    to    place    it    outside.      Tiie  majority 
of    silos    are    ox    such    constrjction    that    tiiey   need   no    additional 
protection   from  the   weather   and   s^aeh    as    are   not    can  be   made 
so   without   much    additional    expense.      ^■'fhen   the    silo    is   placed 
within   the    barn,    it    takes   up   much   valuable    room.       This    is    es- 
pecially   tme    of    the   modern    round   silo   whidi    generally    cannot 
be   made    to    fit    with    the    interi  or  •  arrangement  s    of   a   barn,    and 
thus    wastes    almost    as   mu'±i    room   as    it    occupies.       This    objec- 
tion  can    be    overcome    in   part   by   placing    the    silo    in   the   mid- 


die    of   a    r^rind   barn   or   b;^    building   it    into    a    corner   of   a   i-ec- 
tangular   barn   so    that    it    rounds    out     the    corner.       If    tlie    silo 
is    wholly   Avithin   the    barn,    it    is    generall}/   very    ■'.ard    to    fill 
it    on   account    of    the   difficulty    exiTerieneed   in   conveying    the 
material    from   the    cutter    to    trie    top    of   the    silo.       Tr.e    odor    of 
silage    in   the    ')am    is    objectionable,    p-i^rti  cularly    so    at   milk- 
ing   time,    since    it    is    so    readily    absorljed   by   the  milk.       To 
prevent    this,    tii  e   doors    of   tne    silo    should   be    enclosed   in   a 
chute   provided   'vi  tli    a    close    fi  tti  ng    door,    th.us    keeping    tl:e 
silage    odor    from   getting    out    into    the   barn.       '^he    odor,    how- 
ever,   can    be    kept    out    more    easil;"^    if    the    silo    is    .iiolly   out- 
side   the    barn.       The^'e    is    really   little    to    reeoirnend  placing 
the    silo    in   the    bain. 

"'/liile    it    is    L^etter   to    place    th.e    silo    outside    the    b^^rn, 
it   should   be    close    to    the    barn   and    coni^ectea   with    it    by   a   cov- 
ered   alley   '.vay  •       Tnis    alley   way    should  be    pro^/ided   with    a   good 
smooth    ce'aent    floor   or   with    some    kind   of    a    track,    since    si- 
lage   containing  70--fi0   per    cent,    of  v/at  er    is    a  heavy    feed    to 
handle.       There   should    also    be    a    chute.       Both    it    and    the    cov- 
ered  passage    v/ay   should   be    provided  with    windows.       This   v/ill 
make    it   much    nleasanter   to    get    the    silage    out    in   stormy   weath- 


er   and   prevent    any   of    it    from  being   blown    away. 

Size    is    the    next    consideration.       Th.e    capacity    varies 


the    square    of   *ne    diameter    and    owing    to    the    eoiripressibili  ty 
of  the    silage    it    increases   much    faster    than    the  height.       This 
compressing    also    causes    better    silage    to    be   made    and  ;nakes 
it    keep    better.       Tht;re    are,    ho'vever,    factors   "/hicii    limit    the 
size    of    the    silo.      '^or    stability    the    'leight    should  not    be   more 
than    t'.vice    the    diameter.       It    is    expens  i v,;,  and   va  th    th.e   usual 
eqi.iipment    difficulty      to   lift    the    rreen,    cut    forage  higher 
than    thirty    feet.       ^   side-hill    location,    sinking    the    silo    a- 
bor\t    five    feet    into    the    ground    and   bracing   by   stays   -"rill    \rB.lie 
it   possible    to    increase    this    proportion   of   hei{^it    to    diameter. 

The    diameter    is    restricted   by   the    daily    amou.nt   v/hich    is 
to    be    fed.       Tn   order   to   prevent    the    silage    from   spoiling   at 
the    top    faster   tiian    it    is   used    i   layer   at    least    an   inch    and   a 
half    thick   must    be    removed   each   d vy    in   winter,    and   a    layer  at 
least    three    inches    thick    each   day    in   surrmer.       If   the    silo    is 
more    than    twenty    feet    in   diameter,    it    becomes    uifficvilt    to 
keep    the    surface    level    and    to    throw    the    silage   across    the    si- 
lo   to    the    opening.       l*'or   this    reason,    it    is    better    to    build 
two    small    silos    than    one    that    is   more    than   about    twenty-two 
feet    in   diameter. 

All    silos    require    a    foundation  built    of    stone,    brick    or 
concrete,    extending    down    to    a    f  i  nn    footing   below   the    frost 
line.      "For   the    larger    silos    and    those    of   heavier   construction, 
the    foundations    must   be   heavier    and    rest    on   a    firmer-    footine:. 


con- 


The    next    natural    qnestion    is   material     5.nd  method,   of 
struction.       The   materials    used    "tre    stone,    brick,    wood,    con- 
crete   and    tile.       Good    silos    can   be   made    of    any   of    these,      the 
selection   dependiup-    on    the    taste    of   "he    biiider,    t,he    relative 
prices    of   the   materials    and    the    cost    of   construction.      Metal 
siloF.    are   not   used,    as    f'ley    are    costly   and    the    acid    in   the    si- 
los   soon   cor>"odes    the    metal.      Most    silos    require    re-inf orcing , 
and    this    r^^'enerally    consists    of    iron   or    steel   hoops. 

The    shape    of   the    silo    is    no'v   ro\^nd   almost    without    excep- 
tion.      This    s!iape    t'ives    the    largest    capacity    for   the    amount 
of   v/all    and    the    greatest    strength    for   t:ie    amount    of  material 
in  the   wall.       Ti^e    pressu.re    is    alv-fays    oiitward    and    the    same    a].l 
the   way    round,    so    that    there    is   no    tendency    to   distort    the 
shape    of   the    silo.      Finally    tnere    are   no    corners    to    interfere 
v.'ith    tlie    settling    and   uniform   packing    of   the    silage.       Origi- 
nally,   the    souare    and   rectangular    shapes   ivere   used.       They 
were    easy    to    mal^e    and    fitted    in   nicely  with   the    surroundings, 
especially    if   the    silo   'vas    placed    in   the   barn,    as    it   usually 
was.       On   account    of    the    troiible    experienced   wi  tii    corners    and 
bulging  vv'alls,    the    octagonal    shape   was    gradually    adopted,    but 
before    it    became    at    all    general    the   greater   excellence    of    the 
round   silo   had    swept    away    all    other    forms. 

Silos    are   made   with    double    and   single   walls.       Ml    single- 
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''ralled   silos    are   about    equally   liable    to    let    the    silage    i'ree.z^^ 
The    double-ivalled    silos    are    successful    in    ti^  is    respect    in   pro- 
portion  c<s    they   have    a   deaa    -dlr   space    betv/c-jn   the    two    walls, 
and   not    a   lar[:e   proportion   of    this    sp^ce    occupied  by   iiaterial 
tvin^;:    the    t^.YO  walls    toget>:er.       The    heat    r^gne rated      in  the    si- 
la;;^^e    tends    to   pre^'ent    f/'eezing,    so    that    onlj'    in   cold    elirnates 
is    a   double-v.'alled   silo   necess;ry.' 

Stone    silos    are   not    b-ein,^/   built    much   now.       Tt    is    dif- 
ficul*-^    to    lay    thern   in    a    true    circle,    and   the    re-inforconient    is 
not    put    in   as    easily    as    in    sorie    otb.er    types.       Also,    they    are 
hard   to    provide   v/i  tli    a    dead   air-space.       In  laany   localities, 
they    are   much    more    expensive-      However,    ".vjien    it    is    desired   to 
have    a    silo    that   harmonizes    v/i  th    the    other   buildinss    built    of 
stone   and    the    first    cost    is    no    consideration,    or   th.e    material 
is    conve:nient,    stone    silos    are   built.       TPie  y    should   be    lined 
with    cement,    rnalTinf^;    the    walls    air    tiglit    and   smooth   on  the    in- 
side.      Such    a    silo   will    give   good   results    -hen  not    subjected 
to    severe    freezing. 

The    brick    silos    are    also   hara    to    construct   with   the    in- 
side  of  uniform    shape   ana   size    all    the   way   up.      They  must    be 
reinforced   and    plastered   on    the    inside   with    cement.       Adoub- 
iR-walled   silo   may    be    constructed   of   brick    which   is    fairly 
frost -proof.       By   many,    the    brick    silo    is    thou^hit    to  n^ai^e   a 
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better  appearance    tlian    otVier    fonris    vAi  i  ch    are    cheaper.       The 
wooden   silos    developed    I'.dter   than    e3  trier    the    stone    or   brick. 
There    are    tvo    types  5    one   built   upon   a    frame,    and    the    other    is 
a   stave    silo.      V.'ooden    silos    eould  be    set    on   i'ovmdations   v/hich 
raise    the   woodn'ork    a    foot    or   more    above    th^e    r-roundj       in   oraer 
to   pre"'.''ent    decay   which    woij.ld   ,preatly    shorten    the   life    of    the 
silo.      Wooden    silos    loo>;    better   and   last    lon';^^er    if  the;;   are 
painted   on   the    outside.       The    inside    does    not    need   any   treat- 
ment.      This    ;raterial    forms    the    least    dui-able    silo. 

The    ";ooden   fri-une    silo    is    bnilt    by   setting   upright    studd- 
inj^   about    a    foot    apart    around   the    foundation.       As    full    length 
studding    is    expensive    and  hard    to   proeiire,    the      studs    are    of- 
ten pieced.       In    ease    this    is    done,    care    shoiild   be    taken    to 
break    joints    and    to   liave    a   difference    of   sevef^l    feet   between 
the    elevations    of    the    adjacent    joints.       Two    or    tltree    layers    of 
half    inc}-i   boards    are    bent    around   horizontally   and  nailed   into 
place    on   the    inside,    ti'e    joints    oeing    broken.       Between    the    lay- 
ers   of  boards,    are   placed   layers    of   building   paper. 

A   cement    lining  may    be   iised   by   piif^ing    on   one   layer   of 
half    inch   boards    and    lathing    and  plastering   v/ith   five-eighths 
of   an    inch    of   cement.       The    cem.ent    gives   a    sm^oo  th  5    3.ir- tight 
surface,    but    this    lining    is    not   very    durable.       The    silo   with 
cei"5ent    lining   needs   more    reinforcing    than   the    one   with    the    oth- 
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er   form  of   lining.       If    the    silo    is    to    go    into    the    barn,    it 
needs    no    outside    covering.       But,    oy   piittinr;   on   sorae    form  of 
covsr,    it    will    ao    all    riglit    outsiae.       This   maybe    thin  v;eather 
boarding    bent    around    and    nailed   on.       In    this    case,    the    nails 
-are    roirig    to    'ouil    thro-'jgh    in    tir:e,    letting    the   board   spring 
out    to    be    caijght    by    the   vri'^.o    and    blov/n   off.       It    is    better    to 
put    on   vertical    aiding    or   metal    shee'^lng.      "n-ien    this    double 
v/all    is   used    it    gives    some   protection   against    freezing.       The 
■walls   must    be   ventilated    or   dampness    will     collect,    causing 
rapid   decay.       This    ventilation   can    De    obtained   by   leaving   an 
opening    to    the    outsiae   between    tne    studs    at    tne    bottom   and   an- 
otiier   to   the    inside    at   the    top.       These    openings    should   be    cov- 
ered  v;i  th   :vi  re    netting    to    keep    rats    and  mdce    out. 

The    sta^e    silo    is   built    of   perpendicular   staves    t^vo    inch- 
es   tnick    b.nd   from    three    to    six    inches   '.vide   held   together   by 
hoops    very  much    as    a    barrel    is    neld.       Tnese    staves   may   be 
grooved    to    fit    into    each    other   but    there    does   not   seera   to    be 
any    advantage    in,  this.       If    the    edges    are    left    square    and   not 
beveled,    the   hoops    in  pressing    the    staves    together   are    able   to 
compress    the    inner    edges   mal:ir.g    the    silo    air    ti{^it.       Such 
staves   miust      be   nailed   each    to    th.e    other.       The    staves    can  be 
spliced   3s   were   tJie    studs    in   the    frame    silo.      ''vnien    this    is 
done,    the    ends    of   the    joining    staves    should  have    slits    saAved 
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in   t.liem^    and    a  metal   piece    fitted    into    the    tvio   slits.       .'^n   air- 
tight   joint    is    thus   made   wiiich    also    keeps    the    ends    from   spring- 
ing   QiJt. 

The    stave    silo    is    the    crieapest    lorrn    of    silo,    one   making 
one    for    a    cash    outlay    of   sixty-five    dollars.       It    is    not    as 
frost-proof    as   the    frame    silo    and    is    apt    to    be    racked   by    the 
wind   if   alloAved    to    stand    empty.      "'Tnen   empty,    th.e    staves    dry 
out    and    sl^rink,    making    it    necessary    to    go    over    the    silo    and 
tighten  up    the    hoops    to   prevent    the    silo    from  being  blov/n 
do^vn.       The   hoops    must    be    -"leld    in   place    by    some   means    so    that 
they   will    not    slip    do^vn    v/hen    loose.      'Vhen    the    sJ  lo    is    fiUed 
again,    tl^ie   staves    swell    and  unless    the   hoops    are   loosened   a- 
gain,    tney   will    burst.       This    loosening   and    tightening   of    the 
hoops    is    one    of    the    drawbacks    to    this    Iovti    of   silo    and  unless 
attended    to    tk.e    silo   will    be    injured. 

7"or    the    stave    silo    and    the    lining   of    the    frame    silo, 
wood   v/hich    shrinks    and   swells    very   little    should   be   used.       It 
should   l;e   uniform,    clear    and   straight    of   grain.       If  possible 
it    is    best    to    use    fn  11    length    staves.       The    woods    coi-nonly 
used   are    redv/ood,    cypress,    Oregon   fir,    larch,    white   pine    and 
long-leafed   yellow   pine.       This    is    in   tiie    order   of    their   value 
for   silo    const  nic  ti  on. 

T'ne    concrete    silo    is    coming   into  much    greater  use   now 
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tliat    tne    charaster    ■h.ncl   properties    or    concrete    are   becoming 
better  understood.       Concrete    canTiot   be    relied,  upon   for   any 
tensile    strength,    and   hence    the    reinforcing  must    l>e   designed 
to    take    all    of    the    tensile    stren£:th   v.'ithout    stretching;    enough 
to    crack    the    concrete.       To   be    successful,    the    concrete   nvas  t    be 
made    of   the    best    Portland    cement    v/.hich   has    been  kept   perfectly 
drv    and    it   must    be    welj    mixed.       The    sand  m.u.st    be   coarse    and 
free    from  loam,    cl  a'/    and    :;11    vef?etable   matter.      '"ery    fine 
sand    2hi0uld   not    'se   used   except    vir.en  mixed   with    equal   parts    of 
coarse   sand.       Any    clay    or   loa^m    above    five    ^.er   cent,    must    be 
washed   out  . 

The    err, shed    stone    o '•  gravel    constitutes    tkie    greater   part 
of    the   mixture.       The    gravel   must    be    I'r'ee    from,   any   foreign 
matter.       A   thin   layer   of   olav    is    apt    to    be    formed    over    tlie 
stone,    preventing    tiie    eerient    from   taking  hold.       If    t}ie    stone 
is    dirty,    it    should   be    v/ashed,    but    the    presence   of   dust    does 
no  harmi   if   it   be    equally   distributed.      The   pieces    of   stone   n'ay 
be    as    large    as    two    and    one-half    incjjes    in   diajneter    for    foun:- 
dation  v/ork    and   no    larger   than    an   inch    and   one-half   for   re- 
inforced  work.       It    is    best    to   have    a   mixture    of   sizes,    as    this 
saves   sand    and    cen-ient.       Generally,    it    is    not    advisable    to   use 
bank    sand    and    gravel   vfithout    screening    and   grading. 

The  water   should   !)e    clean   and    free    from   strong   acid   or 


=  14  = 
■-.Ikalies-       It    is    found  best    to    place    the    v/ater   in   e.   barrel 
near    the    mixing  board   and   to   pi5.t    it    on    tne   pile  with    -i   oucket. 
This    permits    of  more    accurate  L-ieasux-er^nt .       T::e    cerrient    is   most 
conveniently,  handled   in   t'.e    ninety-five   pound  packa-^e    vmieh 
comes    in   cloth   bags.       "Concrete    shoiild   be    plac-^d    in  position 
within   tv^enty    or    thii'-ty   i'.inutes    after    th.e    cer.ent    is    first   wot. 
The    bindiny   power    of    t-e    ce?:'.ent    is    lowered   by   exposure    to    a 
hot    s'an   durinr;    the    first    i'ou.r    'jr    five    days    or  by   anything 
which    ca?..-ses    a    too    rapid   evaporation.       Cement    shoi.ild  not   be 
mixed   v/hen   the    temperature    is    L^elov/    thirty-two    degrees   Fahr- 
enheit,      ^fter    beiny  plar-ed,    rood   Portland    cer-ent    nay   ":je    froz- 
en without    being   damaged   much    if    it    is   not    distrubed   or   sub- 
jected  to    strain  until    it   has    thawed    and   bet   naturally. 

?or    silo    construction,    th.e    best   mixtui-e    is    about    one 
part    cement    to    two   parts    sand   and   four   parts    stone.       The  mix- 
tiu-fc    should    ije    such    th^t    the    sand   a   little  miore    th.an   fills 
the    voids    left    in    the    stone    and    tne    cement      a   little   miOre    than 
fills    the    voids    in   the    sand.      Enough   water   should   be  used   to 
cause    the    mixtiare    to    quake.       It    is    essential    that    each   stone 
and   each   grain   of    sand   be    coated  with    a   layer   of   cement    and 
that    the   mixture   be   uniform. 

A    thin   stick    or   spade    should   i^e   p^^shed  down   into    the 
fresh    concrete    along    the    m.old   in   order    to   push    the    larger 
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stones    back    and    trnis   leave    3.  uniform    surl'ace.      ''ATien,    after    a 
step,    work    is    resnraed.,    care   must    be   used    to    get    a    g'.'Od  union 
between    the    old    -nd   new    concrete.       Tlie    surface    jf    the    old    con- 
crete  nust   l:e    thoroutjhly    cleaned    and    soaked   ".vi  th  v^ater    said 
then   be    treated   with    a    tliin   la:''er    of  neat    cenent  •  before    the 
fresh    concrete    is   niit    in   place  •       Th;e   forms    are    best    v/hicli    are 
so    arranf^ed    that    t^ie    silo    can    be    built   up    in  sections,    the 
forr-is    bei 'li^'    removed    and    set   hi{;;her  up    for    the    next    section; 
triey    should  ha'^'e    a    smooth    surface    :;rid   be    perfectly    ri£,'id,    so 
that    the    concrete   v/ill    not    be    disttirbed   v/hile    setting    and    the 
inside    cross    sections   wi  11    be    the    sarie    tJiroiigliout  •       By    imbed- 
ding   the    reinforcing   rods    in   concrete,    the    conci-ete   protects 
the    metal    from   rust.       Tjie   upriglit    i-ods    sho^ild   b^e   placed   at 
about    the    middle      of    the    wall   with    the  horizontal    circular 
reinf ".ircements    outside    of    these.       The    :imount    of   reinf orcen-^nt 
can   be   best    obtained    from   tables.       It    vai-ies    .directly   as    the 
diameter    and    according    to    the    distance    from   the    top. 

The   walls   may    be   m.ade    single   or   double.       If    they    are   sing- 
le,   thej''    should  be    fox*    con'non   sizes    of   silos   six   inches 
thick    at    the   bottom   and    four   at    the    top. 

If    the   v/alls    are   doitble ,    tlie    inner  v/all    should  be    ac- 
cording   to    the    Iowa   jilxperiment    Station   five    and   one-half   in- 
ches   thick    and    th^e    outer  wall    three    and   one-half   inches    thick. 
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To   prevent    the    clrcnlcition   of   air    in   the    space    betv/een    the 
walls,    ta>Tea   paper    is    inserted,    forming;    horizontal   partitions 
every    three    and   one-half    feet.       This    douiDle-Vv'all    silo    is   nrach 
harder   to    constrv.ct    than    a   sinrle-'.vall    silo',    but    it    affords 
the    very   best    prote-^tion    a;7ainst    freezing. 

It  has  been  charged  th.at  tlie  concrete  silo  is  liable  to 
eracic.  This,  ho^ve'-^er.  Is  not  the  case  if  the  silo  has  Ijt  en 
properly  cons  tr-ac  ted.  It  is  also  plain  that  th.e  acid  in  the 
silaf?e  will  attack  t?ie  concrete  %.  softening  it  and  causing  it 
to  cr".3rf;le«  T'lis  has  not  been  borne  on*  in  practi:;e,  but,  as 
a  protection,  the  insiae  of  the  silo  may  be  treated  with  hot 
coal    tar. 

This    form   of   silo   seems    to   rne    to    be    the    one    that    v/ill    be 
most    extensively   used    in    the    future.       It    is    tighit.       It    con- 
ceals   and    protects    its    reinforcement.       It    is    fairly    ch.eap    and 
very    durable,    and    in    corn.ion   with    all    but    the   wooden   silos    is 
fire-proof. 

Concrete    blocks   ha^e    been   used   sornew.-iat    in    silo    constrixc- 
tion.       They    give   good   satisfaction   if   the    inside    is   plastered 
with    cement    to    make    it    air- 1 i  ght.  and   v/at er~tig!it  ,    and    there    is 
plenty    of   reinforcement    to    resist    the    bursting   pressure    in 
tlie    silo.       It    does    away   with    the   molds    in   the   monolithic 
structiare.       But    the    cost    is    somewhat   higher,    as    finer   gravel 
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must,    be    ii.sed. 

Another   material   r.'hich    can   l:e   used    I'or   silo    construction 
is    clay    tile.       Tn   lce--.l'ties   v;here    o^.ier  materials    are   hard. 
to   .p;et    this    furnishes    the    cheapest   material.       The    tiles    are 
laid    into    a  ivall    which    is    coated,    smoothly    inside    and    out    with 
cement.       The    reinforcement    v/hich    shoiild  he    ample    to    take    care 
of    the    ent:ire   bursting    pressure    should   be   buried   in    the    out- 
si  rle    coat    of    cem.ent.       This    siln    is    air    and  Tatei-    tifiit    and 
well    insulated    fromi   the    cold.       Althou;.''h    it    has   not    as    yet    been 
thorou^i;hly    tested,    there    is   no    apparent    rei.son  wliy   it    should 
hot    Slice eed. 

The    doors    of    t'le    silo    should   be    about    thirty    inches   hich 
and    twenty    inches   wide.       They    should   be    pl3.ced   one    above    the 
other   not    further    apart    than   about    three    feet.       Sometimes 
the    doors    are   put    one    on    top    oi'    the    other,    Corrain^^    a    continu- 
ous   door.       If   the    silo    is    designed    to    have    the    reinforcement 
car-ri  ed   around    the    chute,    this    continu.ous   door   i::    found    very 
convenient.      I^or   the    stave    silo,    the    doors    are    simply   sawed 
out    of    the    side    of   tl^e    silo,    being    sawed    at    such    a  b^evel    that 
they   will    be   held   in  place    by   the    presriurt    of   the    sil-£;e   with- 
in.      For    the    frame    silo,    shoulders    are    left    on  the    inside    lin- 
ing   against   which    the    lining    of    the    door   presses.      .A   wooden 
door    frame    is    also    provided.      ?or   stone,    brick,    concrete    and 
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tile    silos,    the   d'jors    sho-'jla.   be   moul'ied    of    concrete,    thus   rnal'- 
inrr,    t.hern    as    durable   as    the    rest    of    the    silo.       Sone    hind   of 
gashet    should   be    used   betv/een    the    door    _.nd    the    fraiae    to    inahe 
the    joint    air-ti^ht.       This   may    i^e    clay,    tar   paper,    builders' 
paper   or    strips    of   felt.       The    doors    themselves    should   be    ai  r- 
tigl"Lt    and    srn.ioth    on   the    inside.       Tnere    should  be   no  tiling    a- 
bout    the    doors    or   frames    to   hinder    the    setilinr-    of    the    silage. 

The    floor    ol'    the    silc    sho\ild  be    rat,    mouse    and  water 
proof.      "''-'ell    puadled    clay   -vill    do    but    a    floor   of  four    to    six 
inch.es    of    concrete    is   better. 

Some    claim   that   a    roof   on   a   silo    is   u-inecessary.      IIov.''ev- 
er,    a   roof   looks    better   and    keeps    the    rain   and   snow   off    the 
silage,    making    the    removal    of   the    silage    much    pleasanter   in 
stormy   weather.      Where    the    silage    is    apt    to    freeze    at    all,    it 
is    sure    to    freeze    on    the    top    unless    the    radiation   of  heat    is 
cheeked   by    a    roof.       The    roof  shoula   be   ventilated   enough    to 
allow   the    escape    of    the    gases    given    ofl'   by   the    silage    and 
should    contain   an    opening    througn    which    the    green   forage    is 
introduced    into    the    silo. 

The    cost    of    the    silo   varies    accorai  n£:    to    the    locality, 
being    governed   by    tne    cost    of   the    m.aterial    and    labor    in   that 
locality.      Many    firms      advertise    stave    silos    all    ready   to    set 
up.       Other   firms    go    around  building    brick    ana    concrete   silos. 


-19- 
These   rnan-ufactured   silos    as    s    rale    ^ive    very    satisfactory   re- 
sults.      Directions    are    contained   in   agricultural    papei-s    and. 
biilletins    of   experiment    stations    from  which    the    farmer  may 
build   a    silo    or   he   may    design    one   himself,    having    in  mind    the 
principles    of   the    silo-      however,     the    silo    is    built    and   what- 
e^Tfj-r    the   material    of   const  r'jc  ti  on   is,    it    should  be    remembered 
that    a    cheap    silo   which   fails    is    an    extravagance. 

The    crops   which    are    suitable    for    t'l-ie    silo   are    corn,    sor- 
ghum,   pea   vines,    beet    tops    and   p^Up    •ui-t^    the    Ic^Tiraes.      They 
s]io\ild    be    cut    for   the    silo   when   they  have   reached    their    full 
growth,       and    as   they   i:egin    to    dry    o\it.       If    the    crop    is    too 
■vatery,    the    silage   will    be    excessively   acid.       This    can    be    pre- 
vented  by    allov/ing    the    crop    to   wilt    for    awhile    ai'ter    cutting 
until    the   proper   degree    of  moisture   has    been    obtained.      Un- 
less   the    crop  has    an   excess    of  moisture,    it    can   be   hauled   m 
after   being    rained    on   while    it    is    still    wet.       If   the    crop    is 
too    dr:r ,    the    sJlage   will    Hiold.       To   prevent    this,    the   material 
should   be    sprinkled   ivith   water  as    it    is    put    in   the    silo.       The 
forage    should   be    cut    into    lengths     .half   an    inch   to    three    quar- 
ters   of   an    inch    long.       This    length  makes    possible    close    pack- 
ing   and   gives   pieces    which   do   not    cut    the   mouths    of   the    .ani- 
mals. 

The    cost    of   filling    the    silo    can  often  be   greatly   re- 
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dueed   by   nrooerl}/   proportioning    the    nen   and    tearas    to    the    ma- 
chinery.      The    cutter   sho-Mld   be    lirge    enougi    to    handle    the   vrork. 
Self- feeding:    nachines    are    nov/   on    the   riarket   v;hich    will    tal-ce 
the    forare    as    fast    as    tv/o    "len    can    t:irov;    it    on, the    carrier. 
The    cut    material   may   be    conveyed    into    the    silo   by    a    covered 
carrier    or    by    a  blower.       The    blc/er    is    able    to   put    the    cut    foF- 
a2:e    into    a  hiyner   silo    'out    it    "^etiui  "es   more   po/er   to    operate 
it.      If   there    is   not   enou^-h   power,    the   pipe   will    choke  up   and 
trouble   will    be£:in.       There    shiould   i)e    a    foiirth    tube    conveying 
the    foraf'.e    fr-om   the    end   of    the    blower   p-lpe    to    tlie    bottom   of 
the    silo.       This    is    necessary    in   order   to    obtain   an    even   dis- 
tribution  of    the   heavy    and   li^ht    particles.       Otherwise    the 
heavy  particles    would   I'all    in    the    centre   while    the    lighter 
pieces    would   be   whirled   aro^md   the    eages,    causing   uneven  pack- 
ing   and   producing    a   non-u.niform    feed. 

The    wagons    s'loiald   be    low   ana    flat    for    the   green  material 
is    very   lieavy   to    handle.       '^orn    should   be    cut    with    a   com    bind- 
er  while    the    otiier    crops   may    !)e    cut    with    a  mo"^.ng  machine    and 
raked  up. 

During    filling,    th.e    surface    of   the    silage   nT.ist    not    be 
left    exposed   for   longer   than    two    days   'without    covering   with 
fresh   silage.       The    silage    can    be    fed   at    once    and   if    this    is 
done   no    cover    is    needed.       Tf    the    silage    is    to    stand   awhile,    it 
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shoula   be    coverel   in    some   nimner    to    exclude    the   air.       A   good 
wa?/    is    to    cover    it    vnth    a   cheap    fine    succijlent    r^Hterial   which 
haS    been    n\n   thron.g;h    the    ratter.       This    shdld  be    well    tramped 
and.  wet    aovrn  with    abovit    one    ^^all  on   of  ■•/ater    to    the    square    fviot. 
The    rapid   decay    forins    a    dense    air-tir;ht    covering.      Alraost    any 
material    tiiat    vrill    pack    -'/ell    rr-ay    ne    used    or   tbie    silar;e    itself 
may    l)e    treated    in   tliis   »/a:y   without    other    cover. 

Corn    is    the    crop    best    suited   for  use    in   the    silo.       Its 
adaptation   as    to    soil    ana    cliriate    is    wide.       It    reives   a   iieavy 
yield   of   succulent    and   palatable    forage,    cutting    twelve    or 
fifteen    tons    per    acre    ana   sornetines   as   high    as    tSiirty    tons   per 
acre.       This    last    weight,    however,    is    composed   of   too   lar^^-e    a 
percentage    of   water.       A   rood   yield   will    contain   six   thousand 
pounds    of    a'-tual    ary    'nbh.ter   per    acre.       Corn,    besides    bein^]    the 
heaviest    yielding:    crop    is    also    the    easiest    to    preserve    in  the 
silo.       ('■ovn    silaye    is   higli    in    carbohydrates    and  lo?;   in  pro- 
tein,   so    that    in   feedinr;    it    feeds   high    in   protein   are    necesaa-' 
ry    to   balance    tlie    ration.       Corn    should   be    cut    for    the    silo 
when   the    grains    are   well    glazed   and   are    begiixning    to    dent. 
The    variety    of   corn    to   be    grown   for    silage    is    one    tliat   wi  xi 
mature    its    ears    during    the   growing    season   of    tlie   parti  C"ilar 
locality    and  will    at    the    sai-ne    time   give    a   large   yield  of 
stalks    and   ears   per    acre.       Com    for    the    silo   may    be   planted   a 


little    closer'   than    '":ien    it    is    grown   for   grain. 

■"/■len   the    corn   fod-ier   is    cured   and   icept    in   the   dry    state, 
it    is   not   nearly    as   palatable    as    sila£;e    and    the    coarser   parts 
are   not    eaten   clean.      Trie    fodder   req'xires   a  great    deal    of  sto^ 
age    rooTTi   or    if   left    exposed    rapidly   deteriorates.       If   the    for- 
age  has    been    partly   frozen   and    is    tlien    pn.t    in    the    silo,    there 
v;ill    still    be    enough   live    cells    left    in    the    stallis    to    form 
good    silage,    but    if    it   has    been    '"completely    frozen,    it    is    a 
v/-:..ste    of   ti.'-ie    to    pla-;e    it    in    the    silo,    as      silage   v/ill    not   be 
fofTried. 

Sorghum  has    silage -prodiicing   cjualities    very   similar    to 
corn.       It    does    not   produce    ^.s   much    per    acre,    but    is    better 
siiite    to    i    semi -arid    clima.  te. 

Peavines    are    some    times    storea   in    the    silo, as    a   by-prod- 
uct   of    a    canning    factory.       Their   hollo'v    stems   liold    considera- 
ble  air  I'^.iich   makes    the    silage  hard   to   preserve^    and    they   are 
altogether   too    succulent    to    form   good    silage.      ho'vever,    this 
is    the   best   way    to   utilize    the    by-product. 

Beet    tops    and  pulp    are    two   by-prodiacts    of    the   beet    sugar 
industry   v/hich    by   the   help    of   the    silo    can  'oe    prevented   from 
going    to    waste. 

Lequmes    are   high    in   protein   and  hence    ai'ford   a   valuable 
feed   able    to    take    the   place    of  part   of   the   proteinaceous 
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grain   ration.       -ut ,    without    exception,    all    leguties    are   hard 
to   make    into  hai/    requiring    careful      curing:    and  handling.      'Vith 
the    best    of    care    a   large    per   cent-    of  tne    oest    parts    are    brok- 
en  off    ana    lost.       -.Iso    legumes    are    greatly    injured    if    allov/ed 
to   Ijecome   wet    '-^i'ter    they  nave    been   partly    cured.       Tliis   "vo'-dd 
seer,    to    inriicate    tnat    '.'.'i  th   the    help    of   the    silo    tiie    crop    '.voiild 
be   .most    efficiently   riandled.      -Nothing   ".voiild   be   broken   off   or 
lost    and    there   woulu   be    no    danger   of    injiiry   b^r   rain.      Yet    the 
leg'umes    are   an  uncertain    crop    for    silige,    being   subject,    par- 
ticularly  'Viien   vsr:^   su?'-ulent,    to    anaero'oic    bacterial    fermen- 
tation.      Tnese    i^acteri?-    are    able    to    live    away   fro;:i   free    oxy- 
gen,   obtaining    all    they   need    from  oxY[Teri.    contained    in   oxygen 
compounds.       They    cause    d'rcay    and    are   not    affected   by   the    si- 
lage-forming  process.       It   m.ay   b^e    that    the    Oregon  method   of 
treating    the    green   forage   with    live    steam  or   some    other   ma- 
terial   which    destroys    all    life    in    the    forage   will    some    day 
be    sue  "less fully    applied    to    this   variety    of    forage.       It   has 
been    found   successful    to   piit    legumes    in   tne    silo  mixed   v/ith 
equal    parts    of    corn.       Tiiis   mixture    gives    a    silage  much    richer 
in   protein   and    it    heeps    very   well. 

The    other   forage    crops    and    cereals    co'T'ionly   grown   are   not 
suitable    for    the    silo.       They  have   hollow    stems    and   are    too 
succulent;    tJiey    are    easier   to   harvest    otherwise    and    do    not 


give    as    large    a   yield  per    acre    as    does    corn. 

Silage    is    siiited   especially    to    cattle    and    siieep;    pigs 
do   not    do    v/ell    on   sil'^ge    alone,    it    serving   only    as   a   mainte- 
nance   ration.       A   little    silag:e    tends    to   keep    the   digestion   of 
pigs    in   good   condition.       Although  hc-ses    can    learn    to    eat    si- 
lage   and   it    keeps    them   in   good   ccindition,    t'ley    cannot    do  much 
work    on    it    alone,    and    if   doing   heavy   work    ^iiiould     not   have 
much    silage    in    their   ration,    as    t.iey    are   not    able    then   to 
digest   much    coarse    forage.       Animals    that    chev;    the    cud   are 
better    qualifiea    to    digest    a   bull-gy    feed    to    advantages    getting 
more    energy   from   in   excess    of    that    ntedea   for   digestion. 
Moreover,    these    animals    seem   to    feel    tlie    need   of    a   SLicculent 
food  more    than    other   animals. 

T.'ith    sh.eep,    silage    is   especially   valuable    for   breeding 
ewes.  Sheep    eat    so    little    silage,    tiiat,     as   a    rule,    silage 

is   not    put   up    for   them   except   when   it    is    being  put   up    for 
cattle    also. 

In   regard    to    the    value    of   silage    for  beef  production, 
tliere    is    a    difference    of   opinion.       The    cause    of   this   seems    to 
be    that    in    the    test    carried    on  no   allowance   was   mmade    for   the 
fact    that    silage -fed   steers    need  more    shelter   than   do    corn- 
fed    steers.      Hum.phrey    Jones    says    in  "/alls  ce '  s   farmer   after 
four    years    of   experience    with    beef   cattle    that    the    gains   dur- 
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ing    feedinr:   periods    of    four    to    seven  months   hr.ve   been   from 
1.'7^^    to   2.50   pounds    per   day.       The    -cattle    finished  much    more 
evenly    and    the   hair    snd   general    a"'"'"e  arance   were   rnucli    bett, er 
than    those   of    oorn-fed    animals.       ?e\ver    animals    irot    "off   feed" 
and    the    cost    of   fain   v/as   much    less. 

ITurnphrer'   Jones    found    that    silage    kept    the    system   cool 
ind    hence    the    -dir-iimal    :iad   less    svirplus   i.eat    to   get    rid   of. 
?or    this    reason,    they    did   not    do    as    -yell    with    the    saf;ie    expos- 
ure   and    on   wliich    thie    ife'orn-fed   animals    thrived   best.      He    fed 
per   day    for   a    thousand   pound   animal    i"<  fty   pounas    of   silage    on 
which    was    sprinkled   five   pounds    of   cottonseed  meal.       In   adai- 
tion   to    this,    tnere   were    eaten   six    or    seven   pounds    of    clover 
hay.      His    experiences    are   published    in   tine    Iowa  Year   Book    for 
1905. 

The    silo  has    Vje  en   developed    for   the    needs    of   the    dairy 
cow    and    is    especially    adapted   to   "ler  needs.      A   succtilent    feed 
of    some    sort    is    necessary    in   order    to    secure   a    full    flow   of 
milk.       Roots    and   pumpkins   were    formerly  used   for    this    feed    in 
the   winter.      ro^'ever ,    they   do   not   yielo.   as   heavily   as    corn 
and   are    so   difficult    and   expensive    to   harvest    that    they  make 
the    cost    of   winter  milk   much   greater   than   su^a.ier  milk.      Silage 
on   the    other  hand,    is    founa    to    be    economical    to    feed    the    year 
round,    the    cows   not    being   piit    on  pasture    at    all. 
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Cows   will    eat    tv.'entv    to    forty   povinaa    of   silage    per  day. 
In   addition,    to    this,    they    need   some    dry    roug}i3.;3e    and   sonie 
concentrates.       As    a    corn    si  la.£;e    is    ri  di    in   carbohydrates    iind 
noor    in   protein,    the    protein  r;.as  t    be    ^irovi  ded    in   the    dry 
roLiPihare    or    in   the    concentrates-       If    alfalfa    or    clover  hay    is 
to   be    had,    it    snpplies    a   ^'•ooa   part    or   the   protein,    ehabling 
cheaper    concentrates    to    b.e   used.       Co";s    are    at    times    inclined 
to    choke    on    dry  rneal,    but    if   the    latter    is    sprinkled   on    the 
silage,    the:^e    •vill    be   practically  no   danr;;er   from   this    so\3rce. 
It    is    dan-^erons    to    feed   frozen   sila£:e    to    cows.       Tf   the    silage 
is    frozen,    it    should   be    thawed   eitiier   by   setting   it    in   the 
barn    or   by  mixing    it    v/i  tn  unfrozen    silage.       It    shoulu    be    fed 
as    soon   as    tha^.ved   as    it    -.■rill    not    keep.       Objection   is    sometimes 
made    to    sila-^e    in  t)ie    dairy    on    the    gro\;nd    that    it    taints    the 
milk,    but    if   the    silage    is    good    and    there    is   none    in   the    stabi 
le    during   milking   time,    there    "/ill    be   no    tain  noticeable. 
The    Illinois   Experiment    Station  has    conducted   some    tests    along 
this    line   which    indicate    that   wh.en   good   silage    is   used   tne    re- 
sulting milk    is    slightly   preferable    to  milk    produced   from  oth- 
er  feeds.       Out    of    ^'^2    comparisons   betv/een   silage    and  non-si- 
lage   m.ilk,    sixty   -ner   cent,    -.vere    in   favor    of  the    silage   milk, 
twenty-nine    per    cent .    preferred   the   Hon-silage   milk    and   eleven 
per    cent,    could   not    detect    any   difference. 


Tiie   vs.lue    of    sil;a,r:e   has    ci'nen  been   greatly   over-stated 
by    its    too    ardent    aavoeates.       It    is    not    'jettei-    thar;   ^reen   i'or- 
age,    is    not    the    best    and    cheapest    fee  a   for   all    aninals    ana  bin- 
der  all    conditions,    and    is    not    a    coi.ipiete    feed   in    itself   for 
any    anir^iai,    since    it    is    not    perfectl^^    balanced   and  has    too 
much    bulk.      :2atnrally,    it    :vas    impossible    to    do    a]  1    that    the 
enthusi  asts    promised. 

On   t-e    -'tner  hand,    thoou^h    ignorance    of   principles    and 
proper    conditions    for   silage    formation   and   feeding,    it   has    not 
al'','ays    b-^en   presented    "in    the   p<^oper   lifiit    in   the    tests    carried 
on   by    the    various    experi  r:-.ent    station3>       as,    for    instance,    \-ihon 
silage   lias    been    put    up    '.vhile    too    i: mature    r-nd    too    succulent 
and    a    report    is    sent    out    that    silage    is    very    iov;   in   nutritive 
value    and    in    actual    dry    matter,    and    that    it    is    very    acia^      or, 
when   animals    are    fed   silage    onl"   without    any   grain   or   dry 
roughage,    and    tr.e    report    cones    out    that    animals    do   not    do   v/ell 
on   silagej      or,    again,    v/hen    silage    fed    steers    are    exposed    to 
rough   ^'/eather    and   do   not    thrive   v;ell .       In   this    c-se,    it    is 
simply    a    rnjestion   of  whether    the    advantages      a-cruing    from 
feeding    silage    to    steers    instead   of    'torn    and    corn   fodder  woud 
would   warrant    the   expense    of   providing    shelter    for   the    ani- 
mals . 

However,    all    these   mistakes   have   been   and   are   being   right 


ed  y.nd  we  are  ge  tt  inr  a  correct  view  of  the  true  value  to  the 
farm  of  silafe  and  th.e  silo.  It  is  [;,bVJb  rally  a^jr^^'i-d  tii.at  ;.--.o 
use    of   silage   h^.s    the    follo'.vin^-    -ndvant  ages : 

?irst,    ir,    provides    a    succulent,    palatable    food  which    th 
keeps    the    digestive    apparatus    in  ^■•ood   condition,    the    appetite 
keen   an d    the    blood    co o  1 . 

Second,    it    ens  ble  s    the    food    to    i:.  e    stored   in    a   smaller 
space    and    ^viien   fire-proof    silos    are    b^iilt    wi  thoTit    any    risk    of 
fire.       A   ton   of   hay    recpaires    at    least    four   hiundred    cubic    feet 
of   space    in    the   mow,    whicli    is    just    about    eight    times    the    a- 
mount    of    :;pace    occupied   by    a    ton   of    silage.      Kence   while   a 
ton   of  h^y    contains    one    tiiousand   six   riundred    and   eighty   pounds 
of   dry   rratl  er,    the    sar>-.e    space    in   the    silo    contains    yast    twice 
as   much.       TPiere    are    also    V:!0   and   one -third   tines    as   rn^jch    di- 
gestible  nutrients    in    tne    silo    as    in    the    san.e    sp-ce    in   the 
rnov.-.       The    comparison   of    silage    to    com    fodaer    is    even   greater. 

Third,    ivnen   the    silo    is   used,    crops    can   often  be   }-.arvsst~ 
ed    to    better    advant-r^ge.       The    land    is    cleared   more    quickly    -.nd 
earlier    so    that    it    can    oe   prepared    for    tiie    succeeding    crop 
sooner.       Tiie    crop    can   be    gathered   during    ana    after  weather 
which   would   not    permit    of   its    being  harvested   by    the    other 
methods,    thus    often    saving    a    crop    that   would   otherv/ise   have 
been    lost.       It    costs    less    in   the    case    of    corn    to   haul    the 


compar-at  j  velr    '-.c  avy    ^e  een   forage    to    t'le    silo,    cui  t    if  and  ptit 
3  1    in    tJie    silo    tnan   it,    does    to   iiaul    in    tlie    eo  n'l    and   fodder, 
husk    and   grinoL   the    corn,    and    siired    and    store    the    fodder.       The 
Illinois    Station   foi,ind    that    tlie    cost    of    filling    the    silo    var- 
ied   frora   forty    to    sixty    cents    ner    ton,     -.ve raging    fifty- six 
ijrents.       Trie    fact    that    the    v/;;rk    is    ':ill     lone    in    a   uh.ort    time 
may   or    may    not    be    sn    aavantage. 

Poijrth,    the    silo    can    be    loG:5ted   so    tnat    t-ie    silage    can  be 
fed   more    conveniently    than   any    otf.er    form   of    roughage. 

Fifth,    sil'-ige   i.vill    help    out    the    pasture    or   x^Liere    inten- 
five    fanning    is   nracticea   7/ill    replace    it    entirely.       As    corn- 
pared   viith   soiling    crops,    it    is   rnudi   more    eonveiiient    to    gath- 
er   the    entire    crop   i.v>ien   it    is    at    the   best    stage    of  nat\;rity 
and   when    tlie   weather    is    rigr.t,    than   to   keep    the  help   necessary 
to    cut    and   gather    each    day's    forage    rain    or    shine. 

Hov/ever,    tl'ie    silo    is   not    desirable    in   every   locality*    as 
where    few   cattle    are   kept,    -/here    soiling    crops    or  pasture    are 
available    th.e    vear   around,    or   where    land   is    cheap    and   building 
costly. 

The    development    of    the    silo    covers   a    long  period.       In  ii- 
gypt,    in    the    time    of   Pliny,    grain  was    stored    in   air   tight    re- 
ceptacles   in  which    the    oxygen   of   the    air   was    replaced   with 
carbon   dioxide   by    the    cells    in  the    tissue    of   the    grain.       The 
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£rain  vjotiIO.   Keep    thns    for   over   one   iiiindrea.   >'ears.      Kothing  v/as 
kno?.rri    of    the    principles    of   sila£;e    formation. 

T;-:e    first    ri,ention   of    the    uf-pli  ey, tion      of    th.e    art    to    the 
preservation   of   foraj;;:e      coines    from   Italy   wiiere   we    find    the 
farmers    pa'jkin,p;   \Yilted.   leaves    in   casks   v/hich   v;ere    then   cover- 
ed "jith    sand    to    protect    them  from  trie    air.       Tliia    was   before 
17PG.       T";eir   work    does    not    saen.   to    li-ve   liad  much    bearing  upon 
th.e    development    of    the    silo. 

Lon?3  before    1R4-3 ,    green   fora.Ke   v;  as    preserved    in   C-ermany, 
the    product    Ije  ing    known   as    "sour"    or    "bro\Yn"    hay.       It    was   pre- 
served    in  pits    or   silos,    lined   :vi  th   v/ood    and  puualea    clay. 
Salt    T.fas   mixed   "'it?!    the    green   forage   at    the   rate   of   one   pound 
of   salt    to    eacn  hundred  poundJ||    forage.       The    'FrenGii    develop- 
ed   this    method   by  putting   a   masonry    lining    in    ^he   pit    and   late 
later   extending    the    silo   miore    or    less    above    tl^e    groixnd.       They 
also    left    out    tne    salt.       In   1"^""'  ,    m.    Auguste    Goffart ,    a   gen- 
tlemyn   farm.er    of  'France,    after   a    series    of   experiments   with 
silos,    published   a   bock    entitled   "The   Mr.rra^||^^,he    Culture 

wider    introduction   of  the    silo.       In   r^gnl|^^^  his    servi- 
ces,   his    government    awarded  him   the    Cross    of   the  Legion   of 


Honor. 


The  silo  at  this  stage  of  its  deveiapm^ent  was  brought  to 
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Americs.,    the    first    bein^   built    in    1P75   by   Dr.    Manly  Miles    of 
the   Michigan  Sxpe''irne'nt    St?.tion.       In   America,    the   development 
of   the    silo   V/-3.S    vei'y    rapid,    fxvie   m?,inly    to    the    ^.vo  rk    of  the    dif- 
ferent   expe  !'ir'':ent  ss  t3.ti  ons  ,    siti;ated    in   states    pro'-'iinent    in 
tlie    do.iry    intiii  strj''.      A   larr:e    x^art    of  th.e    '.7ork,    howeverj,    was 
done    by    indi viauals    for   tiie   more   progressive    and   intelligent 
America!!   dairyman   built    silos,    each   one    experimenting   on   some 
rartieular   feature    that    seemed    to   him   to    ;i^ve    special    value. 
The   Exnerim.ent    Stations,    in    addition    to    uoing  joriginal    work 
of  their    o^vn    collected    the    results    of   the    silo    ex-peri  ments    of 
these    individuals,    and   published    snd    distributed    in  bulaetin 
foiTTi   what   had   thus    been   learned. 

Goffart's    silo   was    square    of  heavy  masonry    construction 
and    its    system   called    for  lie  avy  vreights    on   top    of   the    silage. 
American    ingenuity   developed    the    ligliter    and   cheaper   round 
reinforcea   silo    built    almost    wholly    above    ground,    tlius    reduc- 
ing  the    weight    and    cost    of   the   walls    and   incre -.sing    the    effi- 
ciency.      The    increased  height    removed   t-e    necessity    for  wei 
weights    to   be   put    on   top    of    the    silage    and    decreased   the    pro- 
portion borne    by    the    spoiled    silage    on    top    to    the    whole   mass. 
The    cost    of   the    silo  was    also    greatly    reauced  by   introducing 
wood    into    its    construction.       The   present    increasing   scarcity 
of  wood   together  with   theincreasing  knowledge    of  the    proper- 
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ties    of   concrete   point     to    t^ie    latter    sis    the    !:iaterial    to    be 
used   for   silo    constr\5ct  i  on    in   the    future. 

The    experiment    stations   have    also    carried   on   elaborate 
experi  talents    to    determine    the    actu.al   e?ononii-c    value    of   silage 
made    from   different    crops    and  usea   as    feed   for    the    various 
classes    of    animals,    and    to    determine    the    exi?et    natiire    of   the 
changes    which    £:o    on    in    tlie    silo    durin;;'    tiie    fon'iation   of   si- 
lage,   toget?ier   with    the    principles   underlying  and    eontrollirig 
these    ehanges.       They   have    thus    establisiied   some    o/aite    aefi- 
nite    results    which    I   have    attempted   to    set    forth   in    this    es- 
say. 

The  silo  has  noi7  become  a  fixed  factor  in  the  more  in- 
tensive dairy  farm  management  and  it  is  generally  so  recog- 
nized. 


In    compiling    the   '.raterial    for    this    essay,    I    have   drav/n 
on    the    folio ^ivi  ng    s  ou  r  c  e  s  : 

Gyclonedia   of   Arrserican   Agriculture    --    oailey 

Del'iiv-:;re    Experi.-aent    3tation   -  -   Report    for   1^9:5 

Fallov;   and   Forage    "^rops    --   'Vrigiitson 

Farmers'    Cyclopedi  -    of   Agr  iculrj-re    --    '"ileox  &    Smith 

Fora-'e    >'^roT5S    —    Voorhees' 

Illinois   i^Jxperiment    Station    --    Bulletins   "3  .li^l  ,10?,  ,103 

lo^va   Experiment    Station   --    Bulletin   If^O 

lo'va   Year    Book    of   Agriculture    --    1905,    1907 

Kansas   Experiment    Station    ~~    Bulletin   '3 

Louisiana   Experim.ent    Station    --    Bulletin   17 

I-aryland    ExpeY'iment    Station    --      Bulletin   1^.9 

I'viissi  ss  ipp  i    Experiment    Station    --     Bu?l1  e  t1  n  P 

New   Jersey  Experiment    Station    --    Keport    i'or   1007 

IJev/  York    (Geneva)    Experiment    Station--    Report    for   1897 

Ohio   Experiment    Station   --    Bulletin   1"5 

Oregon  Expe  ri.':ient    Station    --     Bulletins    57,    79 

Silo,    Ensilage   .*c   Silage    --    liiles 

Soiling    Crops   ?z    the    Silc    --    Shaw 

U.    S.    Dept.    of   Agr.  -• 

Farmers'    Bn_lletins    5B  ,  103  ,  i:>4  ,133  ,190  ,^,22  ,2^7  ,292, 

309 
Bu.    of    An.    Ind.    Report    for    190G,    Circular   136 
Off.    of   Expt.    Stations,    Bulletin   15 
Virginia  Experiment    Station    --    Bulletin   lOG 
■■•Visconsin   Experim,ent    Station   --    Bulletin   19 

Reports    for   1^94,    1900, 
1901,1903,1904 
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